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Process Design of Virgin Coconut Oil (VCO) Production Using 
Low-Pressure Oil Extraction 
Patricia Janelle Ferrer1, Vanessa Ferl Quilinguen1, Jeremiah Rosario1, and Lola Domnina Pestaño1, 2*  
1Chemical Engineering Department, Faculty of Engineering, University of Santo Tomas 
2Research Center for the Natural and Applied Science, University of Santo Tomas 
 España Boulevard 1015 Manila, THE PHILIPPINES 
Abstract. Virgin coconut oil (VCO) has become one of the most prominent high-value coconut 
product in coconut producing countries because of its versatility. This research attempts to 
design a fresh-dry process based on the Low-Pressure Oil Extraction Method for the production 
of VCO to reduce the settling time of the oil after extraction, that usually takes 1-2 weeks. 
Different parameters, such as drying temperature, centrifuge speed, and centrifugation time were 
varied and analysed. Three mathematical models were examined to describe the drying 
behaviour of the grated coconut meat at 65, 70, and 75°C using a tray dryer. A VCO production 
fresh-dry process based on the Low-Pressure Oil Extraction Method was developed through the 
employment of a centrifuge.  The modified method lessens the settling time while still producing 
standard quality VCO.  As predicted by the Laplace Transform Model, the shortest time for the 
comminuted coconut meat to reach a moisture content of 11% at which oil from nuts can be 
extracted using low pressure is at 29.07 minutes using a tray dryer.  The best setting of VCO 
production using the modified method is at a drying temperature of 70˚C and at 2700 RPM and 
60 minutes of centrifugation as it produced the clearest oil with a yield of 92.84 % v/v and a 
recovery of 18.43%.  The produced VCO was tested for free fatty acid (FFA), moisture and 
volatile matter, colour, peroxide value, and iodine value, and the results are 0.03%, 0.11%, 
0R/0.3Y, 0, and 5.77, respectively, which all passed the Philippine National Standards for VCO. 
1 Introduction 
The purest type of coconut oil, virgin coconut oil (VCO), 
was introduced to the world market at the end of the 20th 
century. It is considered one of the products of great 
value derived from the fresh coconut [1]. VCO, the clear, 
high value oil resulting from the fresh and mature kernel 
of coconut (Cocos nucifera L.), is obtained through 
mechanical and natural means, with or without the use of 
heat, without undergoing chemical refining, bleaching or 
deodorizing, which does not lead to alteration or 
transformation of the natural characteristics of oil [2]. It 
is now gaining a worldwide popularity because of its 
wide range of applications in medicine, food, cosmetics 
and the like [3]. 
VCO processing technologies can be generally 
categorized into fresh-dry process and fresh-wet process. 
The term fresh-wet is for the VCO process in which the 
VCO is obtained from the coconut milk by a variety of 
means after it has been extracted from freshly 
comminuted coconut kernel. The term fresh-dry on the 
other hand, is for the VCO process where VCO is 
obtained directly from the fresh coconut kernel which 
requires drying of the kernel in comminuted form before 
the extraction of oil [1].   
Under the fresh-dry technologies is the low pressure 
oil extraction method. This method is common among 
micro- and village-scale industries and works on the 
principle that oil from seeds or nuts can be extracted 
using low pressure at about 460 psi provided that the 
moisture content of the material is within the range of 
10–13% [3]. 
This process, however, requires at least two weeks of 
settling time to separate the fine particles of dried kernel 
from the extracted oil. A centrifuge, which is commonly 
used for emulsion breaking of coconut milk in fresh-wet 
VCO processing technologies [4] may be utilized to 
greatly lessen the settling time while still producing VCO 
which passes the quality standards set by the Philippine 
National Standards (PNS) for VCO, as well as the Asian 
and Pacific Coconut Community (APCC). Other factors, 
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Adsorption of Nickel and Chromium Ions by Amine-
Functionalized Silica Aerogel 
Sudarat Sertsing1, Thanaphat Chukeaw1, Sitthiphong Pengpanich2, and Bawornpong Pornchuti1,*  
1Chemical Engineering Department, Mahanakorn University of Technology, Bangkok, Thailand 
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Abstract. In this study, silica aerogel was synthesized by drying at atmospheric pressure and 
modified further with aminopropyl triethoxysilane (APTES). The amine-functionalized silica 
aerogel was investigated as an adsorbent for removal of nickel and chromium ions. The effect of 
contact time, solution pH, and initial solution concentration were studied. The equilibrium was 
achieved within 60 min. The optimum pH was found to be 4. Adsorption equilibrium data were 
agreed fairly well with Langmuir isotherm model. Adsorption capacities for nickel and chromium 
ions were found to be 40.32 mg/g and 46.08 mg/g, respectively. 
1 Introduction  
Electroplating is one of the most hazardous chemical 
industries due to its metal-contaminated wastewater. 
Heavy metals cause environmental problems as 
pollutants because of their characteristics such as high 
toxicity, non-biodegradability, and accumulation in food 
chain [1]. Therefore, electroplating wastewater must be 
treated before discharge. 
Treating electroplating wastewater can be employed 
by various techniques such as chemical precipitation, 
coagulation-flocculation, floatation, adsorption, ion-
exchange, membrane filtration, and electrochemical 
processes. Among them, adsorption is one of the most 
promising techniques when initial heavy metal 
concentration below 100 ppm [2]. Adsorption process is 
simple design, easy to use, and flexible. Moreover, it has 
low operating cost, low fouling problems, and most 
economic for elimination of heavy metals from 
wastewater [3]. 
Many adsorbents have been developed in treatment 
of effluent comprising heavy metals. Because of high 
surface area and porous network, activated carbon has 
been investigated extensively. However, the adsorption 
capacity is quite low. This may be caused by lacking of 
surface affinity groups [4]. 
Aerogels are interesting material. They have 
extraordinary characteristics such as high porosity, low 
density, high specific surface area, with tailor-made 
surface chemistry [1, 4]. Normally, aerogels are prepared 
by a sol-gel technique followed by suitable drying 
methods. To conserve the three-dimensional and the 
highly porous structure, various procedures are 
employed such as supercritical drying, freeze drying, and 
drying at atmospheric pressure. In this study, silica 
aerogel was synthesized by drying at atmospheric 
pressure which is easy and safe. Furthermore, 
modification of adsorbents with some chemicals 
containing N, O, S, P in functional groups increases 
adsorption capacity of heavy metals [4]. The objective of 
this work was to study the adsorption of nickel and 
chromium from aqueous solutions by amine-
functionalized silica aerogel. 
2 Materials and methods  
2.1. Chemicals  
Tetraethylothosilicate (Sigma Aldrich), APTES (Sigma 
Aldrich), Cetyltrimethylammonium bromide (Fluka), 
isopropanol (Merck), toluene (Merck), hydrochloric acid 
(Carlo Erba), and ammonia (Labscan) were used without 
further purification. 
2.2 Preparation and modification of the adsorbent  
Silica aerogel was synthesized by a procedure adjusted 
from that of Aravind et al. [5]. Briefly, 4.66 g 
Tetraethylothosilicate (TEOS), 5.37 g isopropanol, 6.44 
g HCL solution were mixed together. Then, gelation was 
conducted by adjusting pH to 5 using ammonia solution. 
The resulted hydrogel was kept at 50C for 1 day. After 
that, the pore liquid was replaced with isopropanol. The 
alcogel was then aged further with TEOS solution. After 
silylation, replace unreacted TEOS with 0.05% CTAB in 
isopropanol and dry slowly at 70C. 
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Optimized Ultrasound-Assisted Oxidative Desulfurization 
Process of Simulated Fuels over Activated Carbon-Supported 
Phosphotungstic Acid 
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Abstract. Recent technological advancements respond to the call to minimize/eliminate emissions to the 
atmosphere.  However, on the average, fuel oils which is one of the major raw materials, is found to 
increase in sulfur concentration due to a phenomenon called thermal maturation. As such, a deeper 
desulfurization process is needed to obtain low/ultra-low sulfur fuel oils. In the present study, the 
ultrasound assisted oxidative desulfurization (UAOD) processes using the H2O2 and HPW-AC oxidizing 
system applied to simulated fuel (~2800 ppm sulfur in the form of dibenzothiophene, benzothiophene, and 
thiophene dissolved in toluene), were optimized. After the pre-saturation of the HPW-AC with the 
simulated fuel, H2O2 was added just before the reaction was commenced under ultrasonic irradiation. After 
the application of both 2k-factorial design of experiment for screening and Face-Centered Design of 
Experiment for optimization, it was found that 25.52 wt% of H2O2 concentration, 983.9 mg of catalyst 
dose, 9.52 mL aqueous phase per 10 mL of the organic phase and 76.36 minutes of ultrasonication time 
would render 94.74% oxidation of the sulfur compounds in the simulated fuel. After the application of the 
optimized parameters to kerosene and employing a 4-cycle extraction using acetonitrile, 99% of the 
original sulfur content were removed from the kerosene using the UAOD optimized parameters. The 
desulfurization process resulted in a low-sulfur kerosene which retained its basic fuel properties such as 
density, viscosity and calorific value. 
1 Introduction  
Sulfur oxides (SOx) and particulate matter (PM) are one 
of the criteria pollutants set by the United States 
Environmental Protection Agency that significantly 
contributes to air pollution. These are particularly 
emitted by processes utilizing raw materials such as 
crude oils and metal ores – in which sulfur is prevalent. 
Legislative efforts have been exerted by various 
countries and regions to prevent the addition of these 
criteria pollutants to the atmosphere. Developed 
countries such as Japan, USA, Canada and the European 
Union have set a 50 ppm sulfur (low-sulfur oil, Euro IV) 
limit for its petroleum products while Taiwan has 
implemented a 10 ppm sulfur limit (ultra-low sulfur oil, 
Euro V). The Philippines has recently implemented its 
Euro IV Standard in the mid-2016s. 
Although efforts have been done to decrease the 
emission of sulfur pollutants, scientists and engineers 
have to continually develop the process they utilize to 
meet these standards because of thermal maturation – the 
natural increase in the sulfur concentration of crude oil 
obtained from sources [1]. Thus, the existing 
technologies for desulfurization needs to be intensified 
to be able to handle the increasing sulfur concentration 
of the crude oil as well as the increasingly stringent 
legislation against sulfur emissions. 
Because of this, the currently applied industrial 
process of fuel desulfurization, which is 
hydrodesulfurization (HDS) is operated using extreme 
conditions – high temperatures and high pressures [2]. 
Also, the most common sulfur compounds in a fuel, 
which are dibenzothiophenes (DBT), benzothiophenes 
(BT), and thiophenes (T) – refractory compounds – were 
found to be less reactive to HDS [3]. It is for these 
reasons that HDS needs either an assistance or 
replacement and intensification. 
Oxidative desulfurization (ODS) has gained interest 
in the recent years because of its potential to answer the 
concerns in HDS. For one, ODS can be accomplished 
using ambient conditions and without the use of the 
expensive hydrogen gas. The use of heteropolyacids 
(HPAs), particularly phosphotungstic acid, as catalysts in 
a hydrogen peroxide oxidizing system has proved to be 
effective (more than 99% efficient) in oxidizing the 
sulfur compounds [4]. Supporting this HPA can improve 
its catalytic activity by increasing the effective surface 
area and making it more economical because less HPW 
is utilized in the process and the catalyst may be 
recovered by simpler separation methods. 
In this paper, the application of ultrasonication as 
assistance to ODS process – Ultrasound-Assisted 
Oxidative Desulfurization or UAOD – was investigated. 
Ultrasonic irradiation creates fine emulsions that 
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Abstract. The influences of mechanical milling on Indonesian Natural Bentonite (INB) characteristics and 
manganese (Mn) removal from acid mine drainage (AMD) were investigated. The INB characteristics were 
observed by scanning electron microscope (SEM), X-ray diffraction (XRD), nitrogen adsorption-desorption 
for specific surface area (SSA) and microporosity measurement, cation exchange capacity (CEC) and 
particle size distribution (PSD) analyzer. Four minutes milling with frequency 20 Hz on INB caused 
morphological change which showed more crumbled and destructed particle, lost the (001) peak but still 
retained the (100) peak that indicated delamination of montmorillonite mineral without breaking the 
tetrahedral-octahedral- tetrahedral (T-O-T) structure, rose the CEC from 28.49 meq/100g to 35.51 
meq/100g, increase in  the  SSA  from  60.63  m2/g  to  104.88  m2/g,  significant  increase  in  
microporosity  which described in the t plots and decrease in the mean particle size distribution peak from 
49.28 µm to 38.84 µm. The effect of contact time and effect of adsorbent dosage on Mn sorption was 
studied. Both unmilled and milled samples reached equilibrium at 24 hours and the pH rose from 4 to 7 in 
first  30  minutes.  The  Mn  removal  percentage  increased  significantly  after  milling.  Using Langmuir 
isotherm, the maximum adsorbed metals (qmax) also increased from 0.570 to 4.219 mg/g. 
1 Introduction 
Bentonite, clay material containing montmorillonite 
minerals including to the smectite group, naturally 
formed by volcanic ash alteration or hydrothermal 
alteration, is widely used for environmental purposes 
such as adsorbent, radioactive barrier, liner disposal 
and so on due to its absorbability and low permeability 
[1,2]. Some modifications have been developed to 
improve bentonite sorption performance such as acid 
activation, pillaring, and milling [3,4,5]. Milling itself is 
non-chemical modification technique, usually using 
spinning jar with stainless still balls inside. The spinning 
jar causes pounding motion of the balls to the sample. 
This ball milling process reduces the bentonite particle 
size, change the morphology and crystal structure, 
exfoliation, increase at specific surface area (SSA) and 
cation exchange capacity (CEC), and improve heavy 
metal sorption performance [6,7]. Continuous milling 
will gradually affect montmorillonite crystal structural 
change which finally leads to amorphization. Intensive 
milling process gradually increased the SSA and CEC 
and reached the peak which then decreased [8]. 
This   study   is   utilizing   Indonesian   natural 
bentonite (INB), located at Wonosegoro area, Boyolali 
district, Central Java, Indonesia which has hypothetical 
resource 58 million tons of natural bentonite [9]. Milling 
mechanical modification was conducted using small ball 
miller instead. Simple mechanism moving left right 
with one stainless steel ball inside at certain frequency 
that would give straight impact on the sample. 
Milling modification of INB is applied for 
manganese (Mn) removal from acid mine drainage 
(AMD). One of coal mining company in Jorong area, 
Tanah Laut district, South Kalimantan, Indonesia 
showed  elevated  Mn  concentration  with  range  1.7 
mg/L – 27.2 mg/L and pH 3.03-3.04 [10]. Indonesian 
government    set    the    maximum    limit    of    Mn 
concentration 0.1 mg/L for drinking water and 4 mg/L 
for mining waste. The difference is because the usage 
purposes.  Indonesian  government  divides  the  water 
type into several classes considering the usage purpose. 
For instance, drinking water has different limit 
parameter with agricultural and fish cultivation purpose 
[10,11].  Indonesian  natural   bentonite  and   milling 
modification  are  considered  as  abundant  low-cost 
material and low-cost treatment for AMD treatment. 
2 Material and methods  
2.1 Field sampling and sample preparation 
Bentonite was taken from Wonosegoro area, Boyolali 
district,  Central  Java,  Indonesia.  Prior  to  sampling, 
outer bentonite exposed was dug +10 cm first in order 
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Abstract. Characteristics of nanoparticles in drinking water treatment were performed using five 
types of biological activated carbon (BAC) columns (BAC1-BAC5) in continuous flow 
experiments. The BAC was created by covering granular activated carbon (GAC) with attached 
microorganisms from water samples taken from the Nagara River in Japan. The total running 
time was about 2000 h. The characteristics of the nanoparticles were investigated based on size 
distribution and volume distribution measured by Zetasizer Nano. Total dissolved organic carbon 
(DOC) and ultraviolet absorbance at 260 nm (UV260) were also studied. The important results in 
this study were that the detached nanoparticles in the effluent were within the size distribution 
ranges of 0.26~5.62 nm, 0.62~3.62 nm, 0.62~3.12 nm, 0.62~4.19 nm, and 0.62~6.50 for BAC 1, 
2, 3, 4 and 5, respectively. The profile of peak size and peak number along the bed depth of the 
BAC columns was evaluated for better understanding the characteristics of the nanoparticles. 
This result is very important for improving drinking water treatment using granular activated 
carbon to remove microorganisms. 
1 Introduction  
In Japan, water resource development used for domestic 
and industrial water accounts for 71% of water intake 
from rivers. The Nagara River, one of three rivers used 
as water resources in Japan, is used to satisfy the 
population demand for water in Aichi Prefecture, a 
region located in the center of Japan [1]. The water is 
flowed through a treatment plant and then distributed to 
communities in Aichi Prefecture. One of the 
technologies used in the drinking water treatment plant is 
adsorption by activated carbon. 
Activated carbon technology is one of the most 
mature and effective processes in drinking water 
treatment. Application of activated carbon was 
demonstrated to remove organic micropollutants such as 
pharmaceuticals, phenols, Trihalomethane (THMs) and 
pesticides. The activated carbon was also  used to reduce 
odor and colour in drinking water treatment plant [2,3]. 
Activated carbons have varied surface characteristics and 
pore size distributions. These characteristics of activated 
carbon play an important role in the adsorption of 
contaminants in water [4,5]. Biological activated carbon 
(BAC) filtration has been investigated as a pre-treatment 
for reducing organic fouling, thus allowing a higher 
sustainable flux for microfiltration [5,6].  
Although there have been numerous experimental 
studies on water adsorption by activated carbons, little is 
known about the removal of nanoparticles using this 
method. Exposure to nanoparticles through the ingestion 
of drinking water may pose a potential direct human 
health threat or an indirect risk, including DNA damage 
[7,8]. The characteristics of normal organic contents 
(NOM) as DOC and UV260 have been studied 
[9,10,11,12]. The purpose of the present study was to 
investigate the characteristics of nanoparticles in water 
taken from the Nagara River using five types of 
biological activated carbon (BAC) columns (BAC1-
BAC5) in continuous flow experiments. The 
characteristics of the nanoparticles were investigated 
based on size distribution and volume distribution 
measured by Zetasizer Nano. Zeta potential was also 
measured to predict the stability of colloidal 
nanoparticles in effluent.  Furthermore, DOC and 
ultraviolet absorbance at 260 nm (UV260) were also 
studied to quantify the content of natural organic matter 
in water. 
2 Materials and methods 
2.1. Materials  
Water samples were collected from the right side of the 
Nagara River, located near Nagara Bridge, Gifu 
Prefecture. The sampled water sample was filtered on 
site using a sieve of 38 μm pore size to remove relatively 
large organic matters such as fallen leaves and fallen 
branches floating in the river water. The sampling was 
conducted once a week. 
 
MATEC Web of Conferences 156, 03039 (2018) https://doi.org/10.1051/matecconf/201815603039
RSCE 2017
© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution 
License 4.0 (http://creativecommons.org/licenses/by/4.0/).
